A total of 1491 patients with benign thyroid nodules were treated with sonographically guided RFA between June 2002 and February 2010, at 4 institutions of the Korean Society of Thyroid Radiology group. Altogether 2616 ablation procedures were performed by 4 radiologists with 1-8 years of experience with thyroid RFAs. Six cases (0.2%) with rupture as a complication of RFA were retrospectively reviewed with respect to tumor characteristics, clinical and imaging findings (sonography or CT), and management.
All nodules were found to be benign by FNAB. All ablations were performed by using a RF generator (Cool-tip; Radionics; Palm Coast, Florida) and a 7-cm-length, 18-ga, 1-cm active-tip internally cooled electrode (Well-Point RF Electrode; Taewoong Medical, Soeul, Korea). Indifferent dispersive electrode pads applied to both thighs were attached to the generator, and the generator was connected to the RF needle electrode. The RF output of the generator ranged from 30 W to the maximum watt level. Patients were positioned with their necks hyperextended and injected with 2% lidocaine for local anesthesia at the puncture site. The transisthmic approach with sonographic guidance was used to insert an electrode along the short axis of the nodule, and the nodules were managed by using the moving-shot technique. 1, 17 The electrode tip was initially positioned at the deepest and most remote region of the tumor, and the electrode tip was moved to a nonablated site within the tumor after the occurrence of microbubbles at the ablation site. 1, 17 Real-time sonography was guided during treatment by using a 5-to 12-MHz linear transducer. Acceptable post-RFA nodule features were defined as the change in the echogenicity of the tumor and the overall transient hyperechoic zones seen on sonography. Indications for repeat ablations were unsatisfactory volume reductions (Ͻ50%) of treated nodules in 3 months and the presence of the initial nontreated portion (Ն30%). The definition of tumor rupture after RFA in the thyroid gland was the breakdown of the thyroid capsule and the communication between the intra-and extrathyroidal lesions.
Patient 1
A 28-year-old man presented with a cosmetic problem of a BTT. Sonography depicted a large mass with a dominant Ͼ50% cystic component, 23 ϫ 37 ϫ 46 mm, at the anterior portion of the left thyroid gland (Fig 1) . He initially underwent RFA with an MP of 80 W for 25 minutes of AT. A second RFA was performed due to unsatisfactory volume reduction during the follow-up period with an MP of 80 W for 20 minutes of AT. He reported sudden neck swelling and pain on the left neck 50 days after the second RFA. Sonography showed the breakdown of the anterior thyroid capsule and the communication between intra-and extrathyroidal lesions at the RF site. We diagnosed rupture of the BTT after RFA. He was monitored with no invasive procedures. Twenty months' follow-up sonography after the rupture demonstrated only an ill-defined focal low echogenicity, suggesting the scar.
Patient 2
A 29-year-old woman presented with concern about having thyroid cancer. She had a BTT that was confirmed by FNAB. Sonography demonstrated a predominantly cystic mass (Ͼ50% cystic portion, 11 ϫ 16 ϫ 23 mm) in the anterior portion of the left thyroid gland. Three sessions of RFA were performed with an MP of 70 W for 20 minutes of AT, an MP of 80 W for 14 minutes of AT, and an MP of 50 W for 6 minutes of AT sequentially. She had abrupt neck pain and swelling on the RFA site 60 days after the third RFA. The BTT was ruptured via the anterior capsule of the thyroid into the anterior strap muscle, detected by sonography. The lesion ultimately disappeared without medication or intervention.
Patient 3
A 60-year-old man (Fig 2) presented with pressure symptoms of a BTT. Sonography demonstrated a large mass with dominantly cystic components (Ͼ50%, 24 ϫ 23 ϫ 35 mm) in the anterior portion of the right thyroid gland. He was treated with RFA twice with an MP of 70 W for 20 minutes of AT and an MP of 90 W for 21 minutes of AT sequentially. One-week follow-up sonography after the second RFA showed decreased size of the BTT. Sonography and precontrast CT 25 days after the second RFA showed the volume expansion and new hyperechoic and high-attenuation portions, suggesting intratumoral bleeding in the treated BTT. He had sudden swelling and pain on his right neck 30 days after the second RFA. Tumor rupture via the anterior thyroid capsule was diagnosed by sonography and CT. An initial aspiration was performed for decompression and bacterial culture. A small amount of semisolid bloody material was aspirated, and no bacterial growth was seen in the culture. An aspiration of internal contents was not helpful in relieving the symptoms because they were too semisolid to allow decompression of the volume. The patient was managed with IV antibiotics, and the lesion gradually regressed without further treatment.
Patient 4
A 53-year-old man presented with pressure symptoms caused by a BTT. Sonography showed a large mass with predominantly solid components (Ͼ50% solid portion, 51 ϫ 29 ϫ 50 mm) in the anterior portion of the left thyroid gland. It compressed the trachea and was treated with 1 session of RFA. AT and MP were 40 minutes and 80 W, respectively. Initial follow-up sonography after RFA showed a decreased size of the mass. When he complained of abrupt pain and neck swelling 22 days after RFA, the rupture was diagnosed by sonography, showing the disruption of the anterior thyroid capsule and the connection between the intra-and extrathyroidal lesions. Diffuse increased echogenicity was also seen within the BTT. Precontrast CT demonstrated high attenuation in the necrotic portion of the BTT. Aspiration was performed for debulking, but it was not sufficient to remove the hematoma. There was no bacterial growth in a culture set. He was initially observed with pain control, but the pain worsened and his neck became red several days after the diagnosis of the rupture, despite receiving antibiotics. He was finally managed with incision and drainage.
Patient 5
A 36-year-old man (Fig 3) presented with the cosmetic problem of a large BTT. It measured 51 ϫ 29 ϫ 50 mm, showed spongiform components, and was located in the anterior portion of the right thyroid gland on sonography. He underwent 1 session of RFA with an MP of 130 W for 35 minutes of AT. He tolerated the procedure well, and the lesion size had decreased at the 1-month follow-up sonography. He had an abrupt cervical swelling and pain on the RFA site 60 days after the procedure. Sonography showed breakdown of the anterior thyroid capsule and invagination of hypoechogenicity into the anterior strap muscle from the ruptured BTT. Approximately 2 mL of semisolid blood clot was aspirated. No bacterial growth was identified. He revisited the emergency center with skin redness and aggravated pain during 2 weeks of medication. CT showed rupture of the BTT via the anterior thyroid capsule and associated cellulitis of the anterior neck. Unilateral lobectomy was performed.
Patient 6
A 52-year-old woman had a BTT with a cosmetic problem. Sonography showed a 25 ϫ 15 ϫ 32 mm solid nodule in the anterior portion of the left thyroid gland. She was treated with RFA twice. Initial RFA was performed with an MP of 80 W for 22 minutes of AT and a second RFA was performed with 100 W for 20 minutes of AT. She had abrupt neck swelling and pain 9 days after the second RFA. The rupture of the BTT via the anterior thyroid capsule was detected on postcontrast CT and sonography. Her symptoms improved for 1 week with IV antibiotics. However, she revisited with relapse of her symptoms. She was finally treated with incision and drainage.
Discussion
Treatment by using RFA has been broadened from the liver to various organs. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] Complications related to RFA treatment have also been reported; these reports have been mainly about patients with liver disease 4, 19 and rarely in lung RFAs. 13 However, tumor rupture after RFA treatment is very rare, even in liver tumors. The current study is the first report in the English literature of a tumor rupture after RFA of benign thyroid nodules. 4, 19 Hepatoma rupture may occur immediately or a few hours after an RFA treatment, and it may present as an intraperitoneal hemorrhage, which is diagnosable by using sonography and/or CT. The clinical presentation in our patients with thyroid tumor rupture after RFA included sudden neck bulging and pain at the RFA site, which developed between 9 and 60 days after their last RFA. Sonography and CT confirmed a rupture of the tumor into the anterior neck muscle and/or soft tissue.
The clinical and imaging characteristics of ruptured BTT in this study were an anterior location without surrounding parenchyma, mixed composition of nodules, large size, repeated ablation, higher maximum power, and longer AT (Table) . In all the patients examined in this study, the rupture occurred at the anterior wall of the thyroid gland and erupted into the anterior neck space from the naked wall. In all patients, there was no normal thyroid tissue between the thyroid tumor and thyroid capsules. Thyroid glands are surrounded by the spine posteriorly, the trachea medially, and the carotid space laterally. Strap muscles and sternocleidomastoid muscles surrounding the anterior surface of the thyroid may not be as tight as on the other side. As a result, a rupture might occur in the anterior wall of the thyroid. Superficial locations of the tumor and protruding liver capsules are also risk factors for liver tumor rupture after RFA. 4 As opposed to pure solid nodules, mixed cystic and solid nodules can retard heat conduction and increase tumor tolerance to heat due to greater heterogeneity of tissue composition. 9 Therefore, mixed cystic and solid nodules may tend to have a higher maximum power and a longer RFA duration, which increases the overall deposition of energy. Large tumors and multiple ablations might also increase the heat applied to a single nodule.
One mechanism of thyroid nodule rupture after RFA may be delayed bleeding because high attenuation on CT or hyperechogenicity on sonography with volume expansion was newly detected in thyroid tumors after RFA, which was the cause of the tumor rupture development (Fig 2) . Bleeding may result from the following causes: microvessel leakage within the tumor leading to delayed volume expansion and rupture, tearing of the tumor wall and thyroid capsule at a weak point, or postprocedural massaging or moving of the neck. Hepatoma ruptures related to RFA treatment are usually due to serious cough or strong hiccups. 4 There have been no established management methods for the rupture of benign thyroid nodules after RFA. We suggest conservative treatment with no additional invasive procedures (such as puncture aspiration) for a number of reasons: First, no bacterial growth resulted in the 3 patients after we performed puncture aspiration. Second, delayed hemorrhage may be its cause. Third, 2 cases without puncture aspiration completely regressed with conservative management only. However, surgical treatment may be needed in cases in which symptoms progress. With larger nodules initially Ͼ5 cm, we found that spontaneous regression did not occur with conservative observation.
In conclusion, the rupture of BTT after RFA might occur due to volume expansion by a delayed hemorrhage or tumor wall tear. If patients with BTT have abrupt neck swelling and pain after RFA, tumor rupture can be considered. We recommend an initial conservative treatment without invasive procedures, such as a needle aspiration. However, surgical management, such as a drainage or excision, may be required if symptoms with redness and pain progress.
